
PRIORITY 
DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH RULE 17.1(a) OR (b) 



PCT/EP 00/07466 



% Qfi&ce 




INVESTOR IN PEOPLE 



The Patent Office 
Concept House 
Cardiff Road 
Newport 
South Wales 
NPIO 8QQ 



], the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p. i.e., 
pic, P.L.C. or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 



Signed 
Dated 



\ 



An Executive Agency of the Department of Trade and Industry 



Patents Form 1/77 

Patents Act 1977 
(Rule 16) 



Office 

/ 



Request for grant of a patent " < 

(See the notes on the back of this form. You can also 
get an explanatory leaflet from the Patent Office to 
help you fill in this form) 




Cardiff Road 
Newport 
Gwent NP9 IRH 



Your reference 



GB Case VE/W-21907/PimC 464 



Patent application number 

(T?ie Patent Office will fill in this part) 

FuU name, address and postcode of the 
or of each applicant 
(underline all surnames) 



Patent ADP number (if you know it) 

If the applicant is a corporate body, give 
the country/state of its incorporation 



9919187.6 



14 AUG 19991 



Ciba Specialty Chemicals Water Treatments Limited 

Cleckheaton Road 

Low Moor 

Bradford 

West Yorkshire 



England 



Title of invention 
Flocculatlon of Cell Material 



Name of your agent (If you have one) 

"Address for service" in the United 
Kingdom to which all correspondence 
should be sent 
(including the postcode) 



Patents ADP number (if you know it) 



CIBA SPECIALTY CHEMICALS WATER TREATMENTS LIMITED 
PATENTS DEPARTMENT 
CLECKHEATON ROAD 
LOW MOOR 
BRADFORD 
WEST YORKSHIRE 
BD12 OJZ 



6. If you are declaring priority from one Country Priority apphcatiora number Date of filing 
ore more earlier patent applications, (if you know it) (day/month/year) 
give 

the country and the date of £ding of the 
or of each of these earlier applications 
and (if you know it) the or each 
application number 

7. If this appUcation is divided or Number of earlier Date of filing 
otherwise derived firom an earlier UK appUcation (day/month/year) 
application, give the number and the 

filing date of the earlier application 



8. Is a statement of inventorship and of Yes 
right to grant of a patent required in 
support of this request? (Answer Tes' if: 

a) any applicant named in part 3 is not an 

inventor, or 

b) there is an inventor who is not named as 
an applicant, or 

c) any named applicant is a mrporate body, 
(see note (d)) 



Patents Form 1/77 



iits Form 1/77 



9. 



Enter the number of sheets for any of 
the following items you are filing with 
this form. Do not count copies of the 
same document 

Continuation sheets of this form 



Description 18 ^ 

Claim(s) 2 ^ ^ 

Abstract 1 *^ 

Drawing(s) - 



10. If you are also filing any of the following, 
state how many against each item. 

Priority documents 

Translations of priority documents 

Statement of inventorship and right 
to grant of a patent (Patents Form 7/77) 

Request for preliminary examination 
and search (Patents Form 9/77) 

Request for substantive examination 
(PaUnts Form 10/77) 

Any other documents 
(please specify) 

11. 



I/We request the grant of a patent on the basis of this application 
Signature Date 



12. Name and da3rtime telephone number of Mr J W 
person to contact in the United Kingdom 




atfield 01274 417401 



Warning 

After an application for a patent has been filed, the Comptroller of the Patent Office will consider whether 
publication or communication of the invention should be prohibited or restricted under Section 22 of the Patents 
Act 1977, You will be informed if it is necessary to prohibit or restrict your invention in this way. Furthermore, if 
you live in the United Kingdom, Section 23 of the Patents Act 1977 stops you from applying for a patent abroad 
without first getting written permission from the Patent Office unless an application has been filed at least € weeks 
beforehand in the uniUd Kingdom for a patent for the same invention and either no direction prohibiting 
publication or communication has been given, or any such direction has been revoked. 



a) If you need help to fill in this form or you have any questions, please contact the Patent Office on 0645 500505. 

b) Write your answers in capital letters using black ink or you may type them. 

c) If there is not enough space for all the relevant details on any part of this form, please continue on a separate 
sheet of paper and write "see continuation sheet" in the relevant part(s). Any continuation sheet should be 
attached to this form. 

d) Once you have filled in the form you must remember to sign and date it 

e) For details of the fee and ways to pay please contact the Patent Office. 



Patents Form 1/77 



' VE/W-2190 /AC 464 



. 1 



Fiocculatlon of Cell Material 

This invention relates to processes of flocculating cell material from suspending media. 
It is often desired to separate cell material (such as cells and/or cell debris) from a liquid 
suspending medium containing the cell material. One way of doing this is to flocculate 
the cell material so that the floes formed can be separated from the liquid suspending 
medium. After separation the cell mateha] itself may be further used. Alternatively the 
cell material can be discarded and the contents of the suspending medium can be used. 
It has, however, proved drfficult to find tlocculation systems which give adequate 
fiocculatlon perfomfiance in the suspending media from which cell material must often be 
separated. In particular, it is often necessary to separate cell material from complex 
media such as growth medium. It has been found that fiocculatlon using standard 
flocculants such as polymers is problematic in these environments. 

Sltkey et al in Biotechnology Techniques, Vol. 6, no. 1, 49-52 (1992) describe the 
removal of cells, solids and colloids firom fsmnentation broth. The aim of the separation 
is to recover extracellular enzymes present in the suspending medium. Sixteen 
polymeric materials are described for use as flocculating agents. The types of flocculant 
used are weakly cationic, medium cationic, strong cationic, weakly anionic, medium 
anionic and nonnonlc. However, according to the authors only two polymers gave 
effective clarification. These were medium anionic polymers Sedipur T1 and Sedipur 
TF5, available from BASF. The addition of various cationic and non-ionic polymers is 
described. Each is added as a single dose as the only flocculant and is ineffective in 
providing dian^c^on of the fermentation broth. 

Mukhopadhyay et al in Biotechnology Techniques, vol. 4, no. 2, 121-126 (1990) also 
attempt to separate suspended solids from a fermentation broth in order to retri ve 
extracellular enzymes dissolved in the suspending medium. The authors use various 
different systems in order to improve coagulation or fiocculatlon. The flocculating agents 
used were glacial acetic acid, calcium chloride, aluminium sulphate and cationic 
^\yaay\arr\\6e. Sy^ems of these were also used in which two or more of these agents 



were added to the suspending medium. In particular, the authors describe systems in 
which aluminium sulphate and cationic polyacrylamlde are used as the two flocculating 
agents. The amounts of the cationic polyacrylamlde used in the exemplified systems 
were 0.1, 0.3 and 0.5 g/l (100, 300 and 500 ppm). The amount of aluminium sulphate 
used was always 5.0 g/l (5000 ppm). Although clarification of the fermentation broth was 
obtained using this system, the authors state that under high shear the floes fomried 
were disintegrated into smaller particles. This prevents settling. Thus this system can 
clarify the femnentation broth but does not provide robust floes. For this reason the 
processes which can subsequently be used for separating the floes from the supernatant 
are limited. In particular the authors advise against even moderate centrifugation. 

The publication EP-A-448,926 discloses a system for the flocculation of enzyme. Cell 
material such as cells and cell debris are removed from a suspending medium such as 
fermentation broth by mechanical means such as centrifugation and the enzyme which 
remains in the supematant is flocculated using a particular flocculating agent. The 
flocculating agent is a blend of a Mannich acrylamide polymer and a diallyl dimethyl 
ammonium halide polymer. In the system described, it is necessary to remove cell 
material first from the femrientation broth by mechanical means so that it does not 
contaminate the later chemically precipitated products. 

Weir et a/ in Biotechnology Techniques, Vol 7, No. 3 (March 1993) pp 199-204, disclose 
flocculation of cells from fermentation broth using chitosan, a cationic polyelectrolyte 
reported to be neutral above pH 7.9, The same authors also describe, in Biotechnology 
Techniques, Vol 8, No. 2 (February 1994) pp 129-132, the use of various anionic 
polymers as a pretreatment before use of chitosan as a flocculant 

It is known that flocculation of microbial cells in a liquid culture medium by cationic 
polyelectrolytes aids separation of the cells from the medium. When the medium 
contains high concentrations of anionic polyelectrolytes as constituents of the medium 
and/or produced by the cells, the addition of high molecular weight cationic flocculants 
produces floes. These floes will be contaminated with a mixture of concentrated 



flocculant and polyelectrolyte complex formed from an anionic and cationic polymer 
(polysalt) and/or predpitate of an anionic and cationic polymer that causes the floes to 
stick to processing equipment An alternative procedure of adding low molecular weight 
cationic polymer flocculants to bacterial cultures containing high concentrations of 
anionic polyelectroiytes requires high polymer doses if adequate flocculation is to be 
achieved because of the fomiation of anionic and cationic polymer complex and/or 
precipitates. Moreover, floes produced using low molecular weight cationic polymer 
flocculants have been found to be considerably weaker than flocs produced with high 
molecular weight polymers. Under shear the cells are released from the flocs produced 
using low molecular weight cationic polymer flocculants and this results in a reduction in 
separation efficiency. 

It would be desirable to be able to provide an efficient system for the separation of cell 
material from suspending medium such as fermentation broth. It would also be desirable 
to be able to use a variety of separation methods after flocculation and to be able to 
provide flocs robust enough to withstand the separation methods and. if necessary, 
subsequent use. 

According to the invention we provide a process of flocculating cell material finom a 
suspending medium which contains cell material, comprising adding to the suspending 
medium a first polymeric material which is cationic and which has intrinsic viscosity of not 
more than 2 dl/g, and subsequently or simultaneously adding to the suspending medium 
a second cationic polymeric material which is cationic or substantially non-ionic and 
which has intrinsic viscosity of at least 4 dl/g. and allowing the cell material to flocculate. 
We found tiiat the use of the defined first and second polymeric materials in order to 
flocculate the cell material results in the production of robust flocs suitable for separation 
under high shear without the need for excessive polymer doses. In particular we found 
that by pretreating a microbial broth that contains high levels of anionic polyelectrolyte 
with cationic polymer with an intrinsic viscosity of not more than 2 dl/g and subsequently 
with polymer flocculant which has an intrinsic viscosity of at least 4, dl/g produces robust 
flocs containing no sticky concentrated polymer. The total polymer dose is higher than 



the known method using polymer having an intrinsic viscosity of at least 4 d!/g alone but 
less than the known method using polymer having an intrinsic viscosity of not more than 
2 dl/g alone. 

Surprisingly, we also found that the overall polymer dose of the two polymer system of 
the invention can be reduced by up to 30% when the two polymers are added 
substantially simultaneously or as a blend. Equally surprising was the finding that the 
addition of polymer with an intrinsic viscosity of at least 4 dl/g simultaneously or as a 
blend with polymer having an intrinsic viscosity of not more than 2 dl/g does not produce 
sticky floes. 

Thus the invention provides flexibility to use various types of separation process without 
destroying the floes. 

In the invention cell material is flocculated from a suspending medium. By cell material 
we mean cells, cell debris spores and/or biological particulates, in particular cells and/or 
cell debris. We do not include the flocculation only of cell products such as enzyme or 
polymer. 

The invention may be used to flocculate cell material from various micrponganisms. 
These include bacteria such as Baal/us subtilis in suspended media. 

The concentration of cell material in the suspending medium is usually at (east 0.5 g (dry 
weightyi, often at least 2 or 3 g/l and may be up to 100 or 150 g/l. 

The suspending medium is often a growth medium so that the cell material is flocculated 
firom fermentation broth. This is a complex medium and contains standard growth 
medium constituents such as starch (e.g, potato starch), com meal, com flour, com 
steep liquor, soya flour, maize gluten, yeast extract, molasses distillates, fish meal, 
peptone and other commercially available lysates. The pH of the suspending medium is 
not critical but is usually from 3 to 1 0, often 4 to 9, for instance 6 to 8. 



Growth medium tends to contain high levels of anionic material such as anionic 
polyeledrolytes, either as part of the constituents of the groNwth medium or as products of 
the growing cells. The invention is of particular use in such media, since floccuiati'on of 
cell material from these has been proved to be especially difficult. 

In the process of the invention the first and second polymeric materials are added to the 
suspending medium containing the cell material. The two polymeric materials may be 
added to the suspending medium sequentially, that is the first cationic polymeric material 
is added followed by the second cationic polymeric material. When sequential addition 
is used the first cationic polymeric material is preferably mixed into the suspending 
medium, prior to the addition of the second cationic polymeric material. 

It is preferred that the first and second cationic polymeric materials are added to the 
suspending medium substantially simultaneously. They can be added separately at the 
same time, not more than 30 seconds apart. Substantially no mixing of one polymeric 
material into the suspending medium is carried out before addition of the other. 
Preferably they are added as a pre-fomned blend. We find that simultaneous addition, 
especially as a pre-formed blend, is particulariy advantageous in comparison with 
addition of the two polymeric materials sequentially (ie non-simultaneously). In fact, 
dosages of both polymeric materials can be reduced with simultaneous addition in 
comparison with sequential addition and performance maintained. 

The polymeric materials may be added to the suspending medium in any suitable form. 
Suitable addition forms include powder, but aqueous solution is preferred. For instance, 
if the first and second cationic polymeric materials are added separately each is 
preferably added as a solution in water of concentration at least 0.05% w/v, and often 
not more than 1 .0% w/v. A suitable concentration in aqueous solution is about 0.1% w/v 
but can be at much higher concentrations for example in excess of 8.0% w/v and in 
some cases up to 50.0%w/v. 



The amount of active first, cationic, polymeric material added to the suspending medium 
can be not more than 1000 ppm, preferably not more than 500 ppm, based on the total 
weight of the suspending medium (including cell material and added polymer). Often it 
is not more than 300 or 200 ppm. Good results can be obtained with amounts as low as 
150 ppm and below and optimum results can even be obtained with amounts as low as 
120 ppm. Generally the amount is at least 50 ppm, often at least 100 ppm. However 
where high biomass concentrations are to be flocculated very much higher doses may 
be required for example up to 4000 ppm. Similarly for polymers which have an intrinsic 
viscosity of at least 4 dl/g higher doses than the ones exemplified above may be 
required 

The amount of active second polymeric material added to the susperxiing medium is 
generally not more than 500 ppm, preferably not more than 250 ppm. It is often below 
100 or 80 ppm and optimum results can even be obtained with amounts of 50 ppm or 
below. Generally the amount is at least 25 ppm. 

These amounts of the first and second polymeric materials are suitable for addition 
separately, (sequentially or simultaneously) and for use of the two polymeric materials as 
a pre-formed blend. However, simultaneous addition, especially as a pre-formed blend, 
allows the use of lower amounts than sequential addition. 

In a pre-formed blend the ratio of the first to the second polymeric material (active 
polymer, by weight) is preferably from 40:60 to 95:5 firstsecond polymeric material. 
More preferably the ratio is from 50:50 to 90:10, most preferably from 60:40 to 80:20. 
Particulariy good results have been obtained with blends in which the ratio of 
first:second polymeric material is from 65:35 to 75:25, especially about 70:30. 

The total amount of active polymer blend added to the suspending medium is generally 
below 1000 ppm, often below 500 ppm. It can be below 300 or 250 ppm and good 
results have been obtained with amounts of below 200 ppm. Optimum results can even 
be achieved with amounts as low as 170 ppm. The total amount of active polymer 



added to the suspending medium is generally at least 50 ppm, preferably at least 100 
ppm. 

When the first and second polymeric materials are added as a blend this may be in any 
suitable form, for instance po\A^er or, preferably, aqueous solution. Total concentration 
of polymer in aqueous solution is generally at least 0.05% w/v and normally not more 
than 1%w/v. 

We have also devised a novel method for predicting for any particular combination of 
susperKfing medium and cell matenal which dosages of each polymer type will give 
optimum performance. The method is as follows, 

1. A sample of suspending medium is taken. Cell matehal Is separated from the 
sample of suspending medjum by mechanical means, such as batch centrifugation, to 
provide separated cell material and spent suspending medium. 

2. The first polymeric material is added to the spent suspending medium and the 
Increase in absort>ance of a well mixed sample measured at 600nm. The amount of first 
polymeric material which gives maximum increase in absorbance is noted as Dose 1 . 

3. The separated cell material is re-suspended in a saline solution having the same 
volume, ionic strength and pH as the spent suspending medium. 

4. The second polymeric material is then added gradually to the re-suspended cell 
material and the reduction in turiDidity measured as an absorbance of a sample 
measured at 600 nm observed as described hereinafter. The dose of second polymeric 
material which gives maximum reduction in turbidity is noted as Dose 2. 

5. The first and second polymeric materials in the ratio of Dose 1 to Dose 2 are then 
used to flocculate cell material from the whole suspending medium. 

The above method gives an approximation of the optimum ratio of the first and second 
polymeric materials. In practice however the absolute dose of polymers in the blend 
form will be lower. In addition the optimum blend ratio may vary from the test method to a 
small degree in that the low molecular weight fraction may be higher. 
The first polymeric material has intrinsic viscosity not more than 2 dl/g. In this 
specification, intrinsic viscosity (IV) is measured by suspended level viscometer at 25**C 



in 1N sodium chloride solution buffered to pH 7. Preferably IV is not more than 1.5 dl/g. 
Preferably it is at least 0.5 dl/g. It can be up to 1 dl/g or below. 

The polymeric material is cationic. It is preferably a synthetic polymeric material and is 
generally produced by polymerisation of ethylenically unsaturated monomer or monomer 
blend. 

Preferably the first cationic polymeric material has relatively high charge density. In 
particular it has a theoretical cationic charge density of at least 4 meq/g, usually at (east 
5 meq/g. Normally theoretical cationic charge density is not more than about 25 meq/g. 
In this specification the theoretical cationic charge density is the charge density obtained 
by calculation from the monomeric composition which is intended to be used for fonming 
the polymer. 

Preferably the polymer is formed from monomers of which at least 60 wt%, preferably at 
least 70 wt.%, are cationic. Cationic monomer content is preferably at least 90 wt.% and 
can be 100 wt%. 

Suitable cationic monomers include diallyl dlaikyl ammonium halides, eg diallyl dimethyl 
ammonium chloride (DADMAC). Copolymers of this with a minor amount (usually below 
30 wt%. and preferably below 10 wt%) (meth)acrylamide can be used, although 
homopolymers are preferred. Homopolymers of dialkylaminoalkyi (meth)acfylate 
quaternary salt or acid addition salt and homopolymers of dialkylaminoalkyi 
{meth)acrylamide, optionally as quaternary or acid addition salt, and copolymers of these 
with small amounts (generally below 30 wt.% and preferably below 10 wt.%) 
(meth)acrylamide may also be used. Other suitable first cationic polymeric materials 
include polyethylene imines, polyamines, epichlorhydrin diamine condensation products, 
dicyandiamide polymers and other conventional low molecular weight cationic coagulant 
polymers. PoiyDADMAC is preferred. 

The second polymeric material has intrinsic viscosity at least 6 dl/g. Preferably IV is 
from 8 to 1 5 dl/g or 8 to 20 dl/g or higher. 



This material may be cationic or substantially non-ionic. Preferably it is cationic. 

If cationic, the second polymeric material is generally of relatively low cationic charge 

density. Preferably the theoretical cationic charge density is of the order of 4 meq/g, 

often about 3 or 2 meq/g. but it can be as low as about 0.1 meq/g,or even about 0.5 

meq/g. 

The second polymeric material is preferably a synthetic polymer, In particular one 
formed by po\ymer\satlon of ethylentcally unsaturated monomer or monomer blend. 
When the second polymeric material is cationic, the amount of cationic monomer in the 
blend is usually at least 2 or 3 wt.%. It may be up to 50 wt%, but is generally not more 
than 20wL%. 

Preferred cationic monomers are dialkylaminoalkyi (meth)acrylates as acid addition or, 
preferably, quaternary salts. Dialkylaminoalkyi (meth)acrylamldes, preferably as add 
addition or quaternary salts, may be used but preferably the polymer is not a Mannich 
acryiamide polymer. The alkyi groups may each contain 1 to 4 carbon atoms and the 
aminoallQH group may contain 1 to 8 cartxjn atoms. Particularly preferred are 
dialkylaminoethyl {meth)acrylates. 

These monomers are usually copolymerised with nonlonic monomer such as 
methacrylamide or, preferably, acryiamide. The second cationic polymeric material can 
be an amphoteric polymer, due to the Inclusion of a lesser amount of anionic monomer, 
such as acrylic acid or other ethylenicaify unsaturated cariboxylic monomer. 

Alternatively the second polymeric material may be substantially non-ionic and may have 
ionic monomer content beiow 3 wt.% (based on weight of monomer blend). It may for 
instance be formed from 100% acryiamide, optionally with a small amount of hydrolysis 
to form below 3 wt.%, usually below 1 or 2 wt.%, acrylic acid. Other non-ionic monomers 
include methacrylamide. 
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The second polymeric material, especially when cationic, can be a wholly water soluble 
material or it can be in the form of polymers which are crosslinked. The polymer may be 
made with a small amount of crosslinking agent, eg as described in EP-A-202,780. 
Preferred polymers of this type have an ionic regain of from 20 to 80% (as defined in EP- 
A'-202,780). Preferably the polymer is a linear polymer. 

In the process the first and second polymeric materials are added to the suspending 
medium and the cell material is allowed to flocculate. Preferably flocculation takes place 
under agitation. Often this is a continuation of mixing. 

When both polymeric materials have been added the suspension is then generally 
allowed to settle for about 5 to 30 minutes, nonnally 10 to 20 minutes. 
Settling rates are measured by observing the solid interface fonmed by the floes of cell 
material and observing the time this interface takes to travel 1 cm in a standard 12 ml 
test-tube of diameter 12 mm. In preferred processes the settling rate is at least 3, 
preferably at least 8 cm/min and in particulariy preferred process it is at least 10 cm/min. 
Effectiveness of flocculation is measured in terms of the percentage reduction in turbidity 
{%RT). The %RT is the reduction in absoriDance (at 600 nm) of the suspending medium 
after flocculation in comparison with the absort>ance before flocculation. Thus 

%RT= ((Ai-A2)x100)/Ai 

where Ai = Absorbance at 600 nm of suspending medium before flocculation 

and A2 = Absorbance at 600 nm of suspending medium after addition of first and 

second polymeric materials and settlement for 15 minutes. 

In the process the %RT can be very high, for instance at least 90 or 95% and can 
even be at least 98% or substantially 100%. 

In the invention we calculate the minimum effective dose (MED) of active polymer. 
The MED is the lowest active dose of polymer (total of first and second polymeric 



materials, separately or as a blend) which generates a 90% RT. In the invention the 
MED can be as bw as 200 ppm or below, even as low as 170 ppm or below. 

One advantage of the invention lies in the robustness of the floes which are 
formed. In the invention we measure floe strength in terms of a floe strength index (FSI). 
This value represents the strength of the floes under high shear. The floes formed after 
15 minutes settlement are subjected to high shear This is defined herein as the shear 
exerted on 5 ml of suspension in a standard 12 ml test-tube during 30 seconds of vortex 
mixing produced on the highest setting on a miximatic (Jencons) mixer. The sheared 
floes are then allowed to settle for 15 minutes and the %RT of the settled suspension 
measured. Thus 

floe strength ind^ = 100 -{%RTa-%RTb) 
where %RTa=%RT after floeeulation 
and %RTb=%RT after shear. 

%RT is always calculated relative to the turbidity of the unflocculated suspending 
medium. 

Preferably the FSI is at least 90%. preferably at least 95% and may even be as 
high as at least 98%. 

Another way of assessing the strength of the floes is to measure the settlement rate 
after the shearing test. Preferably settlement rate after shear Is at least 2, preferably at 
least 3 cm/min and is often at least 5 cm/min. 

The flocculated cell material is then separated from the clarified suspending 
medium. Suitable separation methods include centrifugation (batch), semi-continuous 
continuous, filtration, e.g. vacuum filtration, and any other known separation method. 

One advantage of the invention is the improved floe strength which allows the use 
of various different separation methods, Including those which subject the floes to 
mechanical agitation and/or shear and would be expected to lead to floe break-up for 
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weaker floes. 

After separation the flocculated cell materials may be used in various processes, 
e.g. as catalysts. The content of the supernatant may also be used in various 
processes. If desired, enzyme present in the supernatant may be flocculated from the 
supernatant. 

The invention will now be illustrated by the following examples. 
Examples 

In these examples flocculation effectiveness is expressed as %RT measured as 
described above. Minimum effective dose is measured as described above. Settling 
rate and floe strength index are also measured as discussed above. The polymers used 
were as follows: 

Polymer 1 polyDADMAC, IVapprox 1 dl/g. 

Polymer 2 copolymer of 67 wt.% acrylamide and 33 wt.% cationic monomer 
(dimethylaminoethyl methacrylate quatemised with methyl chloride), IV approx 1 1 dl/g. 
In the experiments flocculation is carried out as follows unless othenA^se stated, A 
suspension of Badllus subtifis with a biomass concentration of 2.7 g (dry weight) / i was 
used. Aliquots of the medium (4 ml) were placed in 12 ml test tubes and each flocculant 
polymer or blend added during high intensity agitation on a vortex mixer for about 5 
seconds to ensure thorough mixing. 

Each polymer or blend was added to the medium as a 0.1% (w/v) solution in water 
unless otherwise stated. 

Example 1 

In this example various blends of polymer 1 and polymer 2 were tested to find the 
optimum ratio for these two polymers on the B.subtilis suspension described above. 
Blends having ratios of polymer 1 ipolymer 2 of 40:60, 50:50, 60:40, 65:35 and 70:30 
were tested as described above. The 70:30 mix gave the best precipitate, which was 
wholly particulate. The 65:35 blend also gave an adequate precipitate with some 
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particulate and some stringy nature. For these polymers in this suspension the 40:60, 
50:50 and 60:40 blends were not optimum, giving rather "stringy" predpitates. 

Example 2 

The 70:30 blend found to be optimum in Example 1 was further tested. The MED values 
for polymer 1 alone, polymer 2 alone and a 70:30 blend of polymer 1 and polymer 2 
were found. 

The nature of the predpitate was observed, as was the settling rate after addition of the 
blend. 

The %RT after flocculation was also calculated as described above. The floes were 
subjected to high shear to obtain the floe strength index as discussed above. After high 
shear the settling rate was again determined. Results are shown below in Table 1 . 



Table 1 



1 Polymer 


MED/pp 
m 


Precipitate 

descriptio 

n 


Settling 
rate 

cm^/min 


Settling rate 
after high 
shear 

cm^/min 


Ffoc j 
strength{FSI) 


2 


130 


stringy 


17.6 


5.3 


99 


1 


229 


particulate 


1.8 


0.3 


86 1 


Blend 


166 


particulate 


10.6 


5.3 


99 1 



From these results it can be seen that although polymer 1 alone gave a particulate 
precipitate, the settling rate was low as was the floe strength, as demonstrated by low 
FSI and low settling rate after high shear. Polymer 2 alone gave good settling rate and 
floe strength but a stringy precipitate. The blend gave a particulate precipitate and good 
settling rate and floe strength. It is also noted that the MED is lower than the MED for 
polymer 1 and not significantly higher than the MED for polymer 2. 
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Example 3 

In this experiment tests are used to obtain the optimum amount of each of the first and 
second cationic materials. 

A sample of B.subtiiis grown to a concentration of 4 g/l in nutrient broth medium was 
centrifuged at 3000 g for 15 minutes. The supernatant was then recovered and the 
centrifuged cells were resuspended in the same volume of saline (0.85% [wAv] sodium 
chloride) solution. 

The optimum amount of polymer 1 was obtained by adding solution of polymer 1 
continuously to the supernatant until the absorbance at 600 nm reached a maximum. 
The dose required was 140 ppm. 

The optimum dose of polymer 2 was obtained by adding dlfiferent doses to the 
suspension of B.subWis suspension in saline until 100 %RT was observed. The dose 
required for this was 50 ppm. 

A blend of 140 ppm polymer 1 and 50 ppm polymer 2 was then used to flocculate 
B,subWis as described above. The %RT after 15 minutes settlement was 100%. 

In the following examples the flocculations are carried on In 100 cm^ aliquots in a 
250 cm^ beaker agitated with a Lightnin A200 Impeller (4.7 cm diameter) and then 
the settlement rate is measured in a 100 cm^ measuring cylinder by timing the 
\nterva\ for the flocculated B. subtifis mud-line to travel 50 mm. 

Polymer 3 is a commercially available cationic polymer [active composition 40% 
acrylamide and 60% cationic monomer( dimethyi-amlnoethyl methacrylate 
quatemised with methyl chloride)] having an intrinsic viscosity of about 12dl/g. 

Polymer 4 is a commercially available cationic polymer (active composition 20% 
acrylamide 80% monomer as in polymer 3) having an intrinsic viscosity of 4 dl/g 
preferably after shear (as described in European Patent 0202780B) 
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Polymer 1 and 3 or 4 individually or in the blend were added to the medium as a 1 % 
and 0.2% (w/v) solution respectively in water, unless othenA^ise stated. 

Example 4 

In this example a dose of polymer 1 is first added to a 4.76 g/l suspension of B 
subti/is grown in 13 g/l nutrient broth (Oxoid) in 2 litre baffled shake flasks at 30*^0 for 
16 hours. The first dose of polymer 1 used is 210 ppm which is that found to cause 
maximum precipitation on treatment of the spent medium alone. In a second 
experiment the dose of polymer 1 used is 290 ppm that is significantly In excess of 
the dose in the first experiment. The two polymer treated suspension are then 
divided into aliquots and to each of the aliquoted suspensions (210 and 290 ppm 
treated), different doses of polymer 3 or polymer 4 are added until a MED of polymer 
3 or 4 is observed (95% RT). The results are shown in Table 2. 



Table 2: Sequential Additions Of Polymers 



Polymer 1 dose (ppm) 


210 


290 


Polymer 1 dose (mg/g/drycell) 


44 


60.9 


Polymer 3 MED (ppm) 


175 


148 


Polymer 3 MED (mg/g/drycell) 


36.8 


31.1 


Polymer 4 MED (ppm) 


250 


200 


Polymer 4 MED (mg/g/drycell) 


52.5 


42.0 
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Results show that a higher dose of polymer 1 results in a reduction in the minimum 
effective dose of polymer 3 or 4 required. 

Example 5 

The flocculation of B Subtilis at a concentration of 4.76 g(dry ce!ls)/l in spent nutrient 
broth (Oxoid) by a blend of polymer 1 and polymer 3 at a ratio of 65:35 and blend of 
polymer 1 and polymer 4 at a ratio of 60:40 was undertaken. 

The minimum effective dose of each of the two blends is shown in Table 3. 

Table 3 



Polymer Blend 


MED (ppm) 


MED (mg/g [dry cells]) 


Polymer 1: Polymers 
65:35 


290 


60.9 


Polymer 1: Polymer 4 
60:40 


414 


87.0 



Comparing the total dose of polymer used to flocculate the same 5 subtilis 
suspension using polymers added sequentially (e.g. adding the sequential doses of 
polymer 1 plus polymer 3 In Table 2 of Example 4) and as a blend shows 
surprisingly that the overall polymer dose is much reduced. 

Example 6 

Table 4 shows the floe settlement properties and the shear stability of the floes 
produced by single polymer 1 addition, sequential polymer 1 followed by polymer 3 
or 4 addition and blended polymer 1 and polymer 3 or 4 addition. 

As in examples 4 and 5 the suspension to be flocculated is B subti/is at a 
concentration of 4.76 g/l (dry cells) in spent nutrient broth. To test the shear stability 
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of the floes produced by each method, flocculated suspensions (100 cm^) were 
sheared in a 250 cm^ beaker using a Triton mixer for 90 seconds (300 rpm stirrer 
speed, 6.2 cm Impeller diameter, 0.5 cm impeller width). 



Table 4 Settlement rates 





MED 
(ppm) 


MED 
(mg/g) 


% RT 


Settling 

Rate 

(cm/min) 


Settling 
rate 
post- 
shear 
(cm/min) 


%RT 
post- 
shear 


Polymer 1 


700 


147 


96.5 


2.1 


0.8 


86.4 


Polymer 1 + 
Polymer 3 


210+221 
=431 


44.1 + 
46.4 = 
90.5 


95.7 


29.5 


22.7 


98.2 


Polymer 1 + 
Polymer 4 


210+280 
=490 


44.1+58. 
8=102.9 


96.8 


49.1 


12.3 


98.1 


65/35 

Polymer 

1/Polymer3 


320 


67.2 


95.7 


14.4 


8.4 


93.3 


65/35 
Polymer 
1 /Polymer 4 


430 


90.3 


96.7 


18.5 


3.9 


92.8 



Use of polymer 1 alone provides a fine particulate floe suspension with a slow 
settlement rate and the floe produced had poor shear stability as evidenced by the 
reduction in %RT after shear. Use of sequentially added polymer 1 and polymer 3 or 
4 produces large rapidly settling floes which are reduced in size (as measured by 
settlement rate) upon high shear, but which do not erode (as evidenced by high FSI). 
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Polymer blends provide floes with high settlement rates, \A^ich are shear stable at a 
much reduced overall polymer dose. 
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CLAIMS 

1. A process of flocculating cell material from a suspending medium which contains 
cell material, comprising adding to the suspending medium a first polymeric material 
which is cationic and has intrinsic viscosity of not more than 2 dl/g, and subsequently or 
simultaneously adding to the suspending medium a second polymeric material which is 
cationic or substantially nonnonic and has intrinsic viscosity of at least 4 dl/g, and 
allowing the cell material to flocculate. 

2. A process according to claim 1 in which the first polymeric material has a 
theoretical cationic charge density of at least 5 meq/g. 

3. A process according to dalm 1 or daim 2 in which the second pwlymeric material is 
cationic. 

4. A process according to any preceding daim in which the second polymeric material 
has a theoretical cationic charge density of not more than 4 meq/g. 

5. A process according to any preceding daim in which the second polymeric material 
is a copolymer of dialkylaminoalkyl(meth)acrylate monomer as a quaternary or acid 
addition salt with a non-ionic ethylenically unsaturated monomer, and is preferably a 
copolymer of acrytamide and dimethylaminoethyl acrylate quatemised with methyl 
chloride. 

6. A process according to any preceding daim in which the first and second polymeric 
materials are added to the suspending medium simultaneously. 

7. A process according to any preceding daim in which the first and second polymeric 
materials are added to the suspending medium as a pre-formed blend. 

8. A process according to any preceding daim in which the active dose of the second 
polymeric material is not more than 500 ppm, preferably not more than 250 ppm, based 
on weight of the suspending medium. 

9. A process according to any preceding claim in which the active dose of the first 
polymeric material is not more than 1000 ppm, preferably not more than 500 ppm, based 
on weight of the suspending medium. 

10. A process according to any preceding daim in which the first and second polymeric 
materials are added to the suspending medium as a pre-formed blend and the active 
dose of the blend is not more than 500 ppm, preferably not more than 250 ppm, bas d 
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on weight of the suspending medium. 

11. A process according to any preceding claim in which the first and second polymeric 
materials are added to the suspending medium in a ratio of 60:40 to 80:20 firstsecond 
polymeric material, preferably 65:35 to 75:25 firstsecond polymeric material. 

12. A process according to claim 10 in which the first polymeric material is 
polyDADMAC and the second polymeric material is a copolymer of acrylamide and 
dimethylaminoethyl acrylate quatemised with methyl chloride. 

13. A process according to any preceding claim in which the flocculated ceil material is 
separated from the suspending medium and used as a catalyst 

14. A test method for assessing dosage of two coagulant materials for addition to a 
medium containing suspended cell material comprising 

i) taking a sample of suspended medium and separating cell material from the sample by 
mechanical means to provide separated cell material and spent suspended medium 

ii) adding a first polymeric material to the spent suspending medium and allowing 
absorbance to increase, 

iii) repeating the process with further samples of suspending medium and different 
amounts of first polymeric material and noting the amount of first polymeric material 
which gives maximum increase in absorisance as dose 1, 

iv) resuspending separated cell material in a saline solution having the same volume, 
ionic strength and pH as the spent suspending medium, 

v) adding to the resuspended cell material a second polymeric material and allowing 
reduction in turbidity to occur, 

vi) repeating the steps Iv) for different amounts of second polymeric material and noting 
as dose 2 the amount which gives maximum reduction in turbidity. 

15. A process according to claim 14 in which the first polymeric material is as defined 
in claim 1 and the second polymeric material is as defined in claim 1 and the dosages 
are subsequently used in a process of claim 1 . 

16. A method according to claim 15 in which the subsequent process has any of the 
features set out In claims 2 to 13. 
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Abstract 

Flocxxilation of Cell Material 

A process of flocculating cell material from a suspending medium wtiich contains cell 
material, comprising adding to the suspending medium a first polymeric material which is 
cationic and has Intrinsic viscosity of not more than 2 dl/g, and subsequently or 
simultaneously adding to the suspending medium a second polymeric material which is 
cationic or substantially non-ionic and has intrinsic viscosity of at least 4 dl/g, and 
allowing the cell material to flocculate. 



